abstract BACKGROUND: Newborn hearing screening has a high participation rate of ∼97% of infants nationally, but a high lost to follow-up of ∼32% limits the effectiveness of the program. This study tested an intervention of targeted outpatient rescreening of infants through collaboration with the Women, Infants, and Children (WIC) program to improve follow-up rates for newborn hearing screen referrals.
Congenital hearing loss is the most common preventable cause of developmental delay in infants, with an incidence of 2 to 3 infants per 1000 live births. 1 Through Early Hearing Detection and Intervention (EHDI) state systems, ∼97% of infants are screened for hearing loss in the United States. 2 The Joint Committee on Infant Hearing (JCIH) guidelines 3 recommend timely follow-up to newborn hearing screening because early intervention has been found to be successful in preventing speech and language delay in infants who are diagnosed and receive early intervention. [4] [5] [6] [7] Unfortunately, of the 1.5% of US newborns who did not pass newborn hearing screening in 2012, >1 in 3 (36%) failed to receive timely follow-up necessary to diagnose whether a hearing loss was present. 2 Nationally, lost to follow-up rates for universal newborn hearing screening (UNHS) varies from <5% in some states to >75% in others, reflecting highly variable and unacceptable systems-based differences in outcomes across the United States. 2, 8 Children are at higher risk of becoming lost to follow-up if their mothers are nonwhite, <30 years old, covered by public insurance, have lower levels of maternal education, smoked during pregnancy, or live in nonurban locations. [8] [9] [10] [11] Two program characteristics that have been reported by 2 studies to be important in improving follow-up are prenatal education about newborn screening and timely reporting of screening results from hospitals to medical homes and state public health agencies. 12, 13 Many UNHS screening protocols and the JCIH recommend an outpatient rescreening for nonpass infants within 1 month of hospital discharge to minimize the number of infants referred on for diagnostic audiologic and medical evaluation. 3 However, effectiveness of rescreening has not been studied. We designed this intervention study of follow-up rescreening by collaborating with the Women, Infants, and Children (WIC) program in greater Cincinnati, Ohio. This WIC program was designed to address barriers to follow-up in low-income populations, as well as to improve functional integration between birth hospitals, the medical home, diagnostic services, and public health systems. The federally funded WIC organization was selected for this intervention because of its high success in supporting lower-income women and their children <5 years of age. 14 WIC staff members offer mothers professional nutrition guidance, lactation counseling, and supplemental nutrition to procure healthy foods for their families. The WIC program has shown a significant positive impact on immunization rates. 14 Nationally, WIC serves about half of the 2 million infants born annually in the United States and thus has great potential to improve loss to follow-up for newborn screening. The primary aim of this study was to determine whether outpatient rescreening intervention at WIC locations for infants who receive a nonpass result on the newborn hearing screen reduces the rate of loss to follow-up for diagnosis. The secondary aim was to evaluate whether infants who do not pass on the WIC rescreening received follow-up at an earlier age than comparison infants who were not enrolled in the rescreening study. Barriers to care were assessed in one to one interviews with mothers.
METHODS
The study design was a controlled intervention, with loss to follow-up and age of hearing confirmation for infants in the WIC program compared with non-WIC infants at 4 targeted hospitals in Butler and Hamilton Counties and 2 control hospitals in Hamilton County. Together, Butler and Hamilton County have 18 300 annual total births, and ∼700 (3.8%) of those infants do not pass hearing screening. The intervention hospitals were selected because they had larger proportions of WIC participants and higher loss to follow-up rates, thus greater need for intervention. The control hospitals were located within the same counties and had similar percentages of infants referred from newborn screening. Human subject ethics approval was obtained from the institutional review board of Cincinnati Children's Hospital and the Ohio Department of Health (ODH). All hospitals were informed of the study in a series of community stakeholder meetings.
All 6 newborn nurseries in these counties are managed by Newborn Care Associates, a 60-physician pediatric group within the division of neonatology at Cincinnati Children's Hospital Medical Center. This group maintains a clinical database of all infants who did not pass newborn hearing and metabolic screening that was used for study referrals, screening eligibility, and tracking purposes. The ODH EHDI program also maintains a screening and tracking database and provided comparisons to control infants at the same hospitals and at control hospitals. Loss to follow-up was defined in each infant as reaching the age of 6 months with no success in completing rescreening or diagnostic assessment. This is consistent with the definition used by the ODH. Figure 1 illustrates the enrollment and follow-up process for the intervention study. Infants who did not pass their hearing screen were referred to the study by birth hospitals or by WIC. If infants were enrolled or intended to enroll in WIC services, they were eligible for the rescreening intervention study. In Ohio, the current standard of care for infants who do not pass their hearing screening is to refer directly for a diagnostic evaluation, whereas some states include an intermediate rescreening step. Because the intervention was designed to supplement these existing follow-up services by targeting WIC follow-up to those at risk, infants who were already scheduled for diagnostic audiology appointments were not initially rescreened. All WICeligible infants, including those who attended diagnostic audiology, were tracked for follow-up purposes through the same neonatal care practice. This process assured that loss to documentation did not occur. Consultation with the EHDI network and Ohio chapter champion (Dr. Wiley) resulted in the recommendation that we not cancel self-scheduled appointments, but rather intervene with those infants who had not followed up by the time of their WIC appointment, because they were considered to be at higher risk for loss to follow-up. Infants scheduled for diagnostic evaluations were later offered rescreening at a WIC office if they failed to attend their scheduled visit.
Exclusion criteria were infants with stigmata or syndromes associated with congenital hearing loss (eg, Down, Waardenburg, cleft palate) or who were cared for in the NICU for ≥5 days. These infants were directed to diagnostic audiology, because they have higher risk for congenital and progressive hearing loss. 3 Families were contacted by a research coordinator by letters and phone calls to screen for eligibility and explain the study and options for follow-up. If the parent indicated interest in the study, they were scheduled for rescreening, and informed consent was obtained in person before the rescreen at the mother's WIC location. Enrollment and outpatient hearing rescreens were conducted by trained research coordinators. The rescreening test was automated auditory brainstem response using click stimuli at 30 dB nHL. Both ears were tested regardless of the screening result, in accordance with JCIH guidelines. 3 After rescreening, parents were counseled by the research coordinator regarding the results and the need for diagnostic follow-up if they did not pass. Infants who did not pass rescreening were scheduled for a diagnostic evaluation at the audiology facility of their choice.
The study was initiated in November 2012 and developed in a phased rollout, initially at WIC locations serving infants born at 2 hospitals in Butler County. In February 2014, the study was expanded to Hamilton County for infants born at 2 target hospitals. Because other interventions were occurring across the state of Ohio to reduce loss to follow-up, we compared intervention infants at the same hospitals as well as to control hospitals to understand the impact of this intervention compared with the system as a whole. Infants were tracked until 6 months of age, with attempts to contact the family via phone and letter, for the intervention infants and for the general population according to ODH protocol.
To assess the primary aim, loss to follow-up rates for WIC-eligible infants born at intervention birth hospitals were compared with non-WIC infants at the same hospitals (control infants) and to those born in similar nonintervention birth hospitals (control hospitals). To assess the secondary aim, age at follow-up for enrolled infants was compared for WIC-eligible versus 3
FIGURE 1
Intervention fl ow diagram for recruitment, enrollment, and follow-up stages of the study. ABR, auditory brain stem response; PCP, primary care provider.
by guest on September 13, 2017 Downloaded from control infants. The age at follow-up was defined as the first follow-up visit for hearing services: either rescreening for those who were enrolled in the intervention or at diagnostic assessment for those infants who were eligible and tracked. As a balancing measure, the age of hearing loss diagnosis was also measured for both enrolled and nonenrolled infants to ensure that rescreening did not increase age at diagnosis.
Statistical Analysis
Data were entered into a customized REDCap database for analysis. The main outcome variables were (1) proportion of infants who followed through to desired outcomes of a passed screening test or a diagnostic evaluation; and (2) the time to rescreening and, if necessary, diagnostic assessment. All statistical analyses were conducted by using SAS version 9.3 (SAS Institute, Inc, Cary, NC). Descriptive statistics were calculated between the outcome variables. WIC infants born at the intervention hospitals were compared with non-WIC infants born at the same hospitals and similar infants born at nonintervention hospitals (control sites) with regard to the main outcome variables. Differences in the loss to follow-up rates at ages 1, 3, and 6 months between groups were tested with χ 2 test statistic. Differences in the age at rescreening/assessment between groups were tested by using Student's t test.
RESULTS
During the 2-year period, there were 1493 hearing screen referrals at the 6 hospitals in the greater Cincinnati region recorded within the tracking database by the ODH. A total of 260 eligible referrals were made to the study, of which 128 (49.2%) were enrolled and rescreened at WIC locations and 107 (41.2%) were selfscheduled at diagnostic audiology evaluations. The eligible infants are detailed in Table 1 for the 2 counties for each year and for the duration of the study.
Demographics are detailed in Table  2 for infants enrolled and rescreened within the intervention study, compared with nonstudy infants in the same hospitals and infants in control hospitals. The WIC study sample was comprised of higher proportions of Black or AfricanAmerican (36.7%) infants compared with the control hospitals, and more Hispanic or Latino (21.1%) infants relative to nonintervention infants in the same and control hospitals. Public insurance was reported by 86% of families, which was significantly higher than nonstudy and control families. Maternal education was significantly lower in the study participants; 64% of mothers had completed high school or less, whereas only 6% were college graduates. About one-third of study families reported at least 1 barrier to obtaining follow-up services, with the most common being transportation or distance from the diagnostic facility, non-English speaking, lack of child care, work or school schedule, and insurance coverage.
Lost to follow-up rates for the WIC intervention, WIC nonintervention in the same hospitals, and control hospitals are shown in Fig 2A. WIC intervention infants had a decrease in lost to follow-up rates from 33% in 2012 at baseline to 9.6% in 2013 to 2014 (P < .0001). The WIC intervention lost to follow-up rate was lower than the rate for nonintervention infants born in the same hospitals (28.7% for 2013-2014, P < .0001). It was also lower than the lost to follow-up rate in control hospitals (18.1% in 2013-2014, P = .002). The study lost to follow-up rate declined from the first to the second year as referrals to the study and effectiveness in contacting families improved. Rates of lost to follow-up were similar in the second year of the study for the rural county (Butler, 7.7%) compared with the urban county (Hamilton, 10%).
The age of infants at the time of hearing confirmation for intervention and nonintervention groups is shown in Fig 2B. Average age at hearing confirmation across the 2 years combined for the WIC rescreening by guest on September 13, 2017 Downloaded from group was 34.8 days (median, 27.5 days; range, 2-283 days), which was significantly lower than non-WIC infants in the same hospitals (average, 63.6 days; median, 45 days; range, 1-411 days; P < .0001) and was also significantly lower than in control hospitals (average, 49.4 days; median, 29 days, range, 1-495 days; P = .0007). Timely follow-up (rescreening by 1 month and diagnosis by 3 months of age) was examined by comparing the proportion of infants who had hearing confirmation by these target ages. By 1 month of age, 61% of study infants were confirmed by screening or diagnostic tests compared with only 24% of nonstudy infants in the same hospitals (P < .0001). By 3 months of age, 96% of study infants had received hearing confirmation, compared with 82% of nonstudy infants in the same hospitals (P < .0001).
The average age at WIC rescreening was within the recommended guidelines set forth by the JCIH, whereby infants should be rescreened by 1 month of age and receive diagnostic testing by 3 months3. However, 3 study infants had late follow-up after 3 months of age. These infants were originally scheduled for diagnostic follow-up, but did not attend their appointments. All 3 families were contacted, enrolled, and successfully rescreened at WIC. The parents of these infants reported barriers for not attending their diagnostic visits, including transportation problems, work, and school schedules.
Of the 128 infants enrolled, 113 (88.3%) passed and 15 (11.7%) did not pass the rescreening in 1 or both ears. Of the 15 nonpass infants, 5 had normal hearing after audiologic assessment, 4 had fluctuating conductive loss, 4 had permanent hearing loss, and 2 were still in the diagnostic process. All children with permanent hearing loss were referred for early intervention services. Of the 15 infants who did not pass rescreening, all but 1 (93%) attended their first scheduled diagnostic hearing evaluation. In comparison, the average show rate of newborn hearing rescreens for diagnostic evaluation at the tertiary diagnostic center was 67% according to hospital statistics over the same time period.
DISCUSSION
Overall, this WIC-EHDI collaboration met the goal of shifting the focus from searching for infants who were lost to follow-up to preventing loss to follow-up from occurring and decreasing the age of hearing confirmation. Rates of lost to follow-up and age at follow-up were each significantly improved with the WIC rescreening intervention compared with control infants and control hospitals, with no added delay in hearing confirmation at the diagnostic follow-up. Significant barriers to care were identified in this population in 34% of mothers. These included transportation or distance from a diagnostic facility, non-English speaking, and lack of child care, work hours, and insurance coverage. Because the study participants were more likely to be African-American or Hispanic, to have lower maternal education, and to be enrolled in Medicaid than the control infants and hospitals, the improvement demonstrated with this simple intervention is of great importance because previous studies have identified these factors to be associated with higher loss to follow-up rates. [8] [9] [10] Collaboration with WIC to offer onsite rescreening allowed the research team to address barriers effectively because interpreters were on site, services were free and close to home, and work and school schedules could be accommodated. Individualized care coordination provided education at the time of rescreening and scheduling support that appeared to improve follow-up rates for diagnosis and intervention. Assistance with securing transportation and vouchers was provided as needed.
An important factor that appeared to reduce loss to follow-up within this study was contacting families quickly to schedule follow-up. We found it necessary to use multiple methods to contact families. Many families had transient phone numbers and 5 by guest on September 13, 2017 Downloaded from addresses, making it more difficult to reach them with increasing time after birth. For this reason, it is best practice for follow-up to be proactively scheduled at the birth hospital, rather than waiting for families to initiate follow-up. In fact, states that report the lowest lost to follow-up rates use this practice. 2, 13 A strength of this study was careful tracking and documentation within the electronic medical record, which assured that loss to documentation did not occur.
A second important principle supporting the success of this intervention was collaboration among agencies, which was vital to impacting a problem as multifaceted as loss to follow-up. The study received support from WIC directors and staff, the DOH and Part C newborn hearing program, audiologists, neonatologists, otolaryngologists, and hearing screen coordinators at the birth hospitals. To reduce loss to follow-up of newborn hearing screening, it was important for study staff to identify the root causes of loss to follow-up. The WIC program provided an important means to reach families at high risk for loss to follow-up by implementing Health Insurance Portability and Accountability Actcompliant intake forms that asked mothers about UNHS results and obtained permission to provide contact information to the study coordinator. Introducing the extra step of rescreening at WIC did not interfere with the age of confirmation for diagnosis of hearing loss, and in fact improved on it-an important balancing measure.
A third principle was consistent counseling and education about the importance of a nonpass screening and the need to follow-up as soon as possible. Despite a relatively low likelihood of a child with a nonpass screen having a hearing loss diagnosed (4.7% in this study), primary care providers should not encourage watchful waiting, as delayed identification is detrimental for developmental outcomes. Although the study did not directly compare counseling to no counseling, the importance of the follow-up appointment was emphasized by the coordinator, and 93% of infants referred on for diagnostic testing attended their appointments.
Future research needs include investigating sustainable methods of reducing loss to follow-up by providing care coordination between birth hospitals and diagnostic centers. A major limitation for sustained improvement is funding and acceptance of the model on a broader scale. The WIC program is under constant pressure to provide a wide range of ancillary services and does not have funding to support rescreening within their system, so funds and personnel would need to be provided to implement this on a system-wide scale. It is possible that a rescreening protocol may be acceptable for all well infants who do not pass UNHS rather than starting with the more costly, timeconsuming diagnostic evaluation. A limitation of this study was the lack of randomization for intervention. It is possible that the improvement could be due to the co-location with WIC, care coordination and
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FIGURE 2
A, Lost to follow-up rates for infants enrolled in the WIC intervention study, non-WIC infants in the same hospitals, and control hospitals. B, Age at hearing confi rmation, including rescreening and diagnostic testing, for infants enrolled in the WIC intervention study, non-WIC infants in the same hospitals, and control hospitals. Error bars are SD.
education, or a combination of these factors. Randomizing to rescreening compared with diagnostic testing would be needed to determine patient preference, efficiency, and effectiveness of the 2 approaches.
A significant challenge in this study was to differentiate the intervention impact on loss to follow-up while other statewide initiatives were occurring at both the target and comparison hospitals. The simultaneous statewide efforts reduced the loss to follow-up rate from 33% in 2012, as our study was starting, to 23% in the same hospitals and 13% in control hospitals in 2014. The dual comparison with nonintervention infants at the same hospital and control hospitals showed that the improvement was not solely due to the study because overall system improvement occurred over the same time period in control hospitals. It is likely that similar improvement could be realized for all infants through systems improvement models because high rates of follow-up in a few states suggest that this is possible.
CONCLUSIONS
Collaborating with WIC to provide targeted follow-up for newborn hearing screening significantly improved lost to follow-up rates from 33.3% at baseline to 9.6% in year 1 and 2 (a reduction of 71%) and significantly improved the age at hearing diagnosis from 68 days at baseline to 34.8 days across the 2 years of the study (a reduction of 48.8%). Care coordination and colocation of services with WIC was effective in improving the system of follow-up from newborn hearing screening for low income mothers and their newborns.
